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Immunocytochemical techniques were employed to de-
termine, at the ultrastructural level, the location of ac-
rosin in porcine spermatozoa. Antisera to highly puri-
fied porcine acrosin was produced in rabbits. The (Fab’)2
fragments of the immunoglobulins were purified and
conjugated with horseradish peroxidase (HRP). Washed,
formaldehyde-fixed spermatozoa were reacted with the
labeled antiacrosin immunoglobulins, utilizing a direct
staining technique. Electron microscopy revealed that
the peroxidase reaction product of HRP-antiporcine ac-
rosin was distributed evenly over the outer acrosomal
membrane of spermatozoa with intact acrosomes. The
labeled antibody was also distributed evenly over the
inner acrosomal membrane of cells when the overlying
acrosomal structures were absent. In some spermato-
zoa, labeling was noted throughout the acrosomal ma-
trix. No significant labeling was observed in control
specimens when spermatozoa were exposed to HRP-
antiporcine acrosin immunoglobulins that had been
adsorbed previously with excess purified acrosin or ex-
posed to HRP-conjugated rabbit antiporcine immuno-
globulins. This pattern of labeling is consistent with
the hypothesis that acrosin may function as a zona lysin.
The observation that the outer acrosomal membrane and
acrosomal matrix are labeled suggests that acrosin is not
exclusively located on the inner acrosomal membrane
and, thus, could participate in physiologic events other
than zona penetration.
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Acrosin (EC 3.4.21.10), a neutral endopeptidase
located in the acrosome of the spermatozoon, has
been implicated as a lysin that is necessary for pen-
etration of the zona pellucida by spermatozoa dur-
ing fertilization (Stambaugh and Buckley, 1969).
Several authors, using biochemical extraction tech-
niques on human (Schill and Wolf, 1974), ram
(Brown and Hartree, 1974), and bull (Zahler and
Doak, 1975) spermatozoa, have concluded that ac-
rosin is associated primarily with the inner acro-
somal membrane (JAM). Light microscopic evi-
dence employing fluorescent and peroxidase-labeled
antibody techniques have been used for immu-
nohistochemical localization of acrosin in the ac-
rosome of ram (Morton, 1975), boar (Schill et al,
1975), bull (Garner et al, 1975), rabbit, dog, cat and
human (Garner and Easton, 1977) spermatozoa.
Localization of acrosin on the JAM of denuded rab-
bit and hamster spermatozoa using a fluorescent
synthetic acrosin inhibitor has recently been re-
ported (Bradford et al, 1981). Ultrastructural local-
ization of acrosin in spermatozoa using ferritin-
conjugated trypsin inhibitors has also been re-
ported. Green and Hockaday (1978) observed an
uneven distribution of ferritin-conjugated acrosin
inhibitor on the exposed JAM of acrosome-reacted
guinea pig spermatozoa. Shams-Borhan (1979),
however, found no ferritin-conjugated inhibitor on
the JAM of mechanically disrupted bull sperma-
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tozoa. Therefore, the precise ultrastructural loca-
tion of acrosin within the acrosome is still in doubt.
This paper presents preliminary results concern-
ing the location of acrosin in porcine spermatozoa,
obtained by a direct-labeled immunocytochemical
technique at the electron microscope level using a
specific antiacrosin antibody. These results sug-
gest that acrosin is present on the lAM, on the
outer acrosomal membrane (OAM), and in the ac-
rosomal matrix (AM) of porcine spermatozoa.
Materials and Methods
Semen was collected from mature boars of proven fer-
tility using the gloved-hand technique (Johnson et al,
1972). Ejaculated spermatozoa were washed and ex-
tracted for acrosin with Hyamine 2389 and glycerol
(Johnson et al, 1976). Acrosin was purified by a three-
step chromatographic procedure consisting of gel filtra-
tion on Sephadex G-100 at pH 4.0, affinity chromatog-
raphy on para-amino-benzamidine-agarose (Schleuning
and Fritz, 1976), and cation exchange chromatography
on SP-Sephadex. The specific activity of the final puri-
fied acrosin preparation was 249 moles/minute/mg pro-
tein using a-N-Benzoyl arginine ethyl ester as the sub-
strate. This value is comparable with the specific activity
of 253 imoles/minute/mg protein reported previously
for homogeneous porcine acrosin (Polakoski and Par-
rish, 1977). The purified acrosin was further analyzed
for homogeneity by disc gel electrophoresis at pH 4.5.
The gels were then stained for both protein and acrosin
activity (Garner, 1975). Only single bands that possessed
electrophoretic mobilities equivalent to -y-acrosin (25,000
daltons) of Polakoski and Parrish (1977) were observed
in the gels stained for protein. Duplicate gels stained for
acrosin displayed a single band with the same mobility
as the protein band. Portions of the purified acrosin were
inactivated with Tosyl lysine chloromethyl-ketone (TLCK)
and used to immunize virgin female New Zealand rabbits
according to the procedure of Harboe and Ingild (1973).
A purified immunoglobulin (IgG) fraction was obtained
from the resulting antisera by ammonium sulfate pre-
cipitation, dialysis, and ion exchange chromatography
(Harboe and Ingild, 1973). When tested by double im-
munodiffusion against crude sperm extracts, this IgG
preparation displayed only a single precipitation line over
a wide range of antibody: antigen ratios. The cross-reac-
tivity of the antisera with porcine proacrosin was tested
using Ouchterlony immunodiffusion plates. These tests,
which were run at pH 5.1, indicated by the formation of
immunoprecipitate lines that the antisera used in this
study also recognized proacrosin. The proacrosin used
in these tests was obtained from sperm extracts that were
made in the presence of 50 MM benzamidine and par-
tially purified on Sephadex G-100 columns at pH 3.0.
Fractions eluted from the Sephadex column and pos-
sessing molecular weights equivalent to proacrosin
(greater than 50,000) showed cross-reactivity with the
antisera produced against porcine ‘y-acrosin. The IgG
fraction of the antisera was treated with pepsin under
the conditions described by Utsumi and Karush (1965)
to produce (Fab’)2 fragments which were isolated by gel
filtration on Ultra gel AA-44 (LKB Instruments, Rock-
yule, MD). The (Fab’)2 fragments were conjugated with
horseradish peroxidase (HRP) using the two-step glu-
taraldehyde procedure (Avrameas and Ternynck, 1971),
custom service of Cappel Laboratories (Cochranville, PA).
Portions of the HRP-conjugated (Fab’)2 fragments of the
antiporcine acrosin immunoglobulins [HRP-(Fab’)2-APAI
were adsorbed with an excess of purified acrosin for use
in the control experiments. HRP-conjugated rabbit an-
tiporcine IgG immunoglobulins were purchased from
Cappel Laboratories.
Preparation of ejaculated spermatozoa for immuno-
cytochemical staining involved washing 3 x by centrif-
ugation and resuspension in phosphate buffered saline,
pH 7.2 (PBS), containing 0.01 M ethylene diamine te-
traacetic acid (EDTA). The washed spermatozoa were
subjected to a preliminary fixation with 0.1% formal-
dehyde in PBS for 1 minute to stabilize the structural
integrity of the cells during subsequent manipulations.
The formaldehyde was removed by washing the sper-
matozoa in PBS, after which the cells were exposed to
0.1 NI lysine for 30 minutes to block any residual reactive
aldehydes (Kuhlmann, 1977). After two additional washes
in PBS, the prefixed spermatozoa were suspended in
PBS containing suitably diluted HRP-(Fab’)2-APA for 1.5
hours at an ambient (22 to 24 C) temperature. Sperma-
tozoa were processed identically in control experiments,
except that the labeled specific antibody was replaced
with either HRP-(Fab’)2-APA which had been adsorbed
with excess purified acrosin or with HRP-conjugated
rabbit antiporcine IgG, or the antibody was excluded.
The conditions for the adsorption in experiments using
HRP-(Fab’)2-APA were 4:1 ratio of acrosin to antibody
based on protein composition, presence of 50 mm ben-
zamidine, and incubation for 22 hours at an ambient
temperature.
The spermatozoa were washed with PBS and then
stained by reaction with 3-3’-diaminobenzidine (DAB,
immunochemical grade, Polysciences, Inc., Warrington,
PA) under the conditions described by Rose et al, 1976.
The spermatozoa were then washed with PBS and fixed
with 1% glutaraldehyde in 0.15 M cacodylate and 1%
osmium tetroxide in 0.15 M cacodylate for 1 hour each.
The fixed spermatozoa were dehydrated in ethanol and
embedded in Spun’s plastic (Spun, 1969). Thin sections
were cut on an Ultrotome IV (LKB Instruments, Rock-
ville, MD) and viewed with a Phillips 200 or Phillips 400
transmission electron microscope (TEM). Smears of ejac-
ulated porcine spermatozoa were prepared on glass
coverslips, dried, fixed in formaldehyde, and washed.
The fixed smears were incubated with HRP-(Fab’)2-APA,
washed, reacted with DAB as described above, and ex-
amined by light microscopy.
Results
Under light microscopy, fixed smears of sper-
matozoa that had been incubated with HRP-(Fab’)2-
APA and reacted with DAB displayed a dense dep-
osition of the reaction product which was evenly
distributed over the entire acrosome (Fig. 1). In
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contrast, the major portion of the equatorial seg-
ment was only lightly labeled, while the postacro-
somal region was virtually devoid of reaction prod-
uct. Due to the pronounced curvature of the
posterior acrosomal margin characteristic of por-
cine spermatozoa, dense labeling of the acrosome
persisted as far as the posterior limit of the equa-
torial segment at the lateral edges of the sperm
head (Fig. 1). Light and unevenly distributed de-
posits of reaction product were occasionally ob-
served. These were associated with the midpiece
and principal piece.
After routine fixing and embedding of porcine
spermatozoa for viewing with a TEM, it was ob-
served that the morphologic integrity of the sper-
matozoa generally remained intact (Fig. 2). How-
ever, even under the best of preparation conditions,
the plasma membrane (PM) overlying the acro-
some may become partially detached.
The morphologic integrity of spermatozoa proc-
essed for ultrastructural localization according to
procedures described earlier are shown after com-
pletion of the fixation, washing, and staining steps
(Fig. 3). However, antibody was not included in
this series. In a significant proportion of the sper-
matozoa from each sample, it was observed that
the PM was absent, and only the OAM remained.
The acrosomal contents were also missing in some
cases. With the exception of the PM and, in some
cases, the AM, the major morphologic aspects of
spermatozoa were satisfactorily preserved.
Spermatozoa incubated with the HRP-(FAB’)2-
APA and reacted with DAB revealed three distinct
patterns of labeling. In spermatozoa that appeared
structurally intact, the reaction product was gen-
erally limited to the OAM (Fig. 4). Such cells pos-
sessed reaction product along the perimeter of the
OAM, while underlying structures, including the
acrosomal matrix and the lAM, were not labeled.
The membranes overlying the equatorial segment
of some intact spermatozoa also showed some la-
beling (Fig. 4). This phenomena was also evident
on spermatozoa at the light microscope level (Fig.
1). There was no labeling of the postacrosomal cap
(Fig. 4). In some spermatozoa, labeling was ob-
served on the OAM, throughout the AM, and on
the JAM (Fig. 5). Intact spermatozoa possessed re-
action product on the OAM only (Fig. 6), while
obviously disrupted spermatozoa had label on both
the OAM and lAM (Fig. 6). This observation rep-
resents a third staining pattern. Spermatozoa dis-
playing the described staining patterns were ob-
served in replicate experiments. Occasional very
light reaction product was also observed associ-
ated with midpiece and principal piece cross-sec-
tions, as well as occasional fragments of noncel-
lular debris. The staining of these structures was
markedly uneven and granular in appearance,
suggesting that this staining may have been due
to solubilization and redistribution of acrosin.
When spermatozoa were incubated with HRP-
(Fab’)2-APA that had been previously adsorbed with
excess purified acrosin, no label was observed on
any acrosomal structures, regardless of whether
the acrosomal membranes were disrupted or intact
(Fig. 7). Similar results were obtained when the
HRP-(Fab’)2-APA was replaced with HRP-conju-
gated rabbit antiporcine IgG (Fig. 8). In both con-
trol experiments, however, some reaction product
was observed associated with particulate debris of
unidentified origin.
Discussion
These experiments provide evidence that acro-
sin is associated with the OAM, lAM, and AM of
boar spermatozoa. Several lines of evidence sup-
port the conclusion that these observations repre-
sent a valid localization of acrosin.
A direct-labeled antibody technique using pre-
fixation staining was chosen for these studies pri-
marily to circumvent potential problems associated
with denaturation of the antigen during fixation
and embedding procedures entailed by postfixa-
tion staining techniques. The antiporcine acrosin
antibody employed in these experiments was elic-
ited using a highly-purified preparation of acrosin
and was specific for acrosin and its proenzyme form.
Preparation of (Fab’)2 fragments from the antipor-
cine acrosin JgG fraction was performed to prevent
the nonspecific binding of antibody to spermato-
zoa mediated through the F portion of whole im-
munoglobulins (Allen and Bourne, 1978).
The staining pattern observed at the light micro-
scope level after the reaction of dried and fixed
porcine spermatozoa with HRP-(Fab’)2-APA was
virtually identical to the results reported previ-
ously for the localization of acrosin using indirect
peroxidase- or fluorescent-labeled immunohisto-
chemical techniques (Morton, 1975; Schill et a!, 1975;
Garner et al, 1975; Garner and Easton 1977; Garner
et al, 1977; Flechon et al, 1977). In control experi-
ments for the ultrastructural studies employing
HRP-conjugated rabbit antiporcine IgG immuno-
globulins and HRP-(Fab’)2-APA that had been ad-
sorbed with excess purified acrosin, no staining was
observed associated with any of the acrosomal struc-
/0
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Fig. 1. Fixed smears of porcine
spermatozoa which have been in-
cubated with horseradish peroxidase
conjugated antiporcine acrosin [HRP-
(Fab’)2-APA], stained with diami-
nobenzidine (DAB), and examined
under light microscopy. Reaction
product is evenly distributed over the
acrosomal cap (AC). There is also light
labeling of reaction product on the
equatorial segment (ES). (Magnifi-
cation x3,400). Fig. 2. Midsaggital
section of a porcine sperm head
which has been fixed in glutaralde-
hyde (GL) and embedded. Note the
close adherence of the plasma mem-
brane (PM) over most of the AC and
ES. (Magnification x 17,500). Fig. 3.
Section of sperm, prefixed in for-
maldehyde (FO), incubated in the
absence of specific antibody, fixed in
CL, and embedded. Note the loss of
PM and acrosomal matrix (AM) and
the disorientation of outer acrosomal
membrane (OAM). (Magnification
x 16,500). Fig. 4. An oblique saggi-
tal section of sperm which has been
prefixed in FO, incubated with l-IRP-
(Fab’)2-APA, fixed in CL, reacted with
DAB, and embedded. There are
dense deposits of reaction product
on the OAM and a lesser amount of
reaction product on the ES, with no
reaction product on the postacroso-
mal cap (PAC). (Magnification
x 17,400). Fig. 5. Saggital section of
sperm which has been prefixed in FO,
incubated with HRP-(Fab’)2-APA,
fixed in CL, reacted with DAB, and
embedded. There are dense deposits
of reaction product on the OAM,
throughout the AM, and on the in-
ner acrosomal membrane (lAM).
Some reaction product is also evi-
dent on the ES. (Magnification
x 16,500).
tures. Some staining was observed in both con-
trols, but this was associated with unidentified
particulate debris rather than with the spermato-
zoa, and probably represents precipitated DAB.
As originally noted by Morton (1977a), no stain-
ing is observed when viable spermatozoa are in-
cubated with Fab fragments of antiacrosin immu-
noglobulins, suggesting that the intact plasma
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Fig. 6. A high magnification sec-
tion of the anterior sperm heads of
porcine sperm. The sperm have been
prefixed in FO, incubated with HRP-
(Fab’)2-APA, fixed in CL, reacted with
DAB, and embedded. Dense reac-
tion product is present on the OAM
of the intact sperm and on the lAM
and OAM of the disrupted sperm.
(Magnification x 65,000). (Abbrevi-
ations defined in legend to Figs. 1-
5). Fig. 7. A midsaggital section of
sperm which has been prefixed in FO,
incubated with HRP-(Fab’)2-APA that
has been adsorbed with excess pur-
ified acrosin, fixed in CL, reacted with
DAB, and embedded (control). There
is a complete absence of reaction
product on the OAM, lAM, ES, and
PAC. (Magnification x 16,500).
Fig. 8. Saggital section of sperm
prefixed in FO, incubated with an-
tiporcine immunoglobulin conju-
gated to horseradish peroxidase, fixed
in CL, reacted with DAR, and
embedded (control). Reaction prod-
uct is not adherent to OAM, JAM,
or ES. Some spurious reaction prod-
uct is present (arrows). (Magnifica-
tion x 13,000).
membrane precludes access of antibody to the ac-
rosin associated with the underlying acrosomal
structures. Thus, in any attempt at subcellular lo-
calization of acrosin within the acrosomal complex,
consideration of antibody accessibility to antigen
is essential. Due to the prefixation and vigorous
washing procedures employed during the prepa-
ration of the spermatozoa in this study, the plasma
membrane was disrupted or absent in the majority
of spermatozoa at the time that they were exposed
to HRP-(Fab’)2-APA. It may be assumed, therefore,
that the antibody had access to the exterior surface
of the OAM. In spermatozoa that retained an in-
tact OAM, access of the antibody to the underlying
structures would presumably be severely re-
stricted. This hypothesis accounts for the predom-
inant labeling pattern observed in this study; that
is, spermatozoa in which dense reaction product
was found on the OAM only. Similarly, loss of
integrity of the OAM should allow access of con-
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jugated antibody to acrosomal structures beneath
this membrane. Indeed, some spermatozoa dis-
played dense reaction product within the AM and
on the 1AM. In cases wherein most of the super-
ficial acrosomal components were absent, labeling
was seen only on the JAM. One interpretation of
these observations is that acrosin is located
throughout the acrosome, and that the specific
pattern observed for an individual spermatozoon
depends on the degree of membrane integrity and
consequent accessibility of the antibody. Unfortu-
nately, removal of particular acrosomal mem-
branes and the presumed increased access of an-
tibody to the deeper acrosomal contents was not
under direct experimental control.
Although labeling of the AM and the JAM was
consistently observed, it was noted only in a few
spermatozoa within a given sample. Therefore, the
origin of the spermatozoa that labeled in this fash-
ion is an important consideration. All samples of
ejaculated semen contain some spermatozoa in
various stages of degeneration. As reported by
Brown and Harrison (1978) and Goodpasture et a!,
(1981), damaged spermatozoa release a significant
portion of their total complement of acrosin in sol-
uble form. Presumably, the formaldehyde fixation
step would arrest further degeneration or release
of acrosin. However, it is possible that at least some
of the observed labeling is an artifact attributable
to solubiization and redistribution of acrosin by
resorption to sites on the spermatozoa (midpiece
and tail) unrelated to the original location.
The spermatozoa with labeling on the OAM pre-
dominated numerically in all samples and were
generally intact. In these cells, a dense uniform
layer of reaction product was noted over the entire
exterior surface of the OAM. This label was mainly
limited to the acrosomal region and, to a much
lesser extent, to the equatorial segment. The ob-
served labeling of the equatorial segment in some
electron micrographs probably represents sections
cut well off of the central axis of the spermatozoan.
This labeling pattern may be related to the curva-
ture of the posterior margin of the porcine acro-
some. The postacrosomal regions were generally
not labeled. Overall, it is difficult to account for
the uniformity of labeling and specificity of loca-
tion by postulating that acrosin from some degen-
erating spermatozoa was solubilized and redistri-
buted by nonspecific adsorption along exposed
acrosomal surfaces of other spermatozoa.
The association of labeled antibody with deeper
acrosomal structures, particularly the LAM, is more
difficult to interpret. Presumably the OAM must
be disrupted before antibody can gain access to the
AM or JAM. Cells labeled along the lAM probably
represent spermatozoa that were originally intact
but sustained damage during the washing proce-
dures. If this was the case, it is likely that labeling
of the JAM represents a valid localization of acro-
sin. One cannot discount the possibility, however,
that a few of these spermatozoa represent degen-
erating cells that existed in the original ejaculate.
An additional factor which makes interpretation
of the results difficult is uncertainty as to the mo-
lecular form of acrosin that the antibody recog-
nized. It has been demonstrated for several species
that, in the intact spermatozoon, more than 90%
of the total potential acrosin activity is present as
the inactive precursor, proacrosin (Meizel and Mu-
kerji, 1975; Zahler and Polakoski, 1977; Goodpas-
hire et al, 1981). Since the antibody employed in
this study was developed with purified acrosin,
one may question whether sufficient immunologic
similarity exists between acrosin and proacrosin to
allow binding of the antibody to spermatozoa if a
significant portion of the antigen was present as
proacrosin. However, we have evidence that the
antiporcine acrosin antibody used in this study also
recognized the porcine proacrosin (unpublished
results). In addition, immunologic cross-reactivity
between acrosin and proacrosin has been reported
for other species (Mukerji et a!, 1980). We have no
direct evidence to indicate what proportions of the
antigen present on the spermatozoa in this study
were proacrosin or acrosin. Apparently, activation
of proacrosin to acrosin does not occur within the
intact acrosome but is initiated after physical dis-
ruption of the acrosome (Brown and Harrison, 1978;
Goodpasture et al, 1981). Since exogenous acrosin
inhibitors were not included in the washing solu-
tion employed in this study, it is possible that at
least part of the original proacrosin had undergone
activation to acrosin. However, the formaldehyde
fixation may have prevented completion of the ac-
tivation process in partially disrupted spermato-
zoa, leaving substantial quantities of proacrosin
unactivated. Thus, if the HRP-(Fab’)2-APA reacts
weakly with membrane-bound proacrosin, failure
to detect labeled antibody associated with the AM
and JAM of relatively intact spermatozoa is rea-
sonable.
Comparison of the results described in this re-
port with other attempts at ultrastructural locali-
zation of acrosin using ferritin-conjugated soybean
trypsin inhibitor is difficult, since these studies
228 Journal of Andrology May/June 1983 Vol. 4
produced contradictory results. Using guinea pig
spermatozoa in which the acrosome reaction had
been artificially induced, Green and Hockaday
(1978) concluded that acrosin was present within
the AM and on the surface of the exposed lAM.
In contrast, Shams-Borhan et a! (1979) did not ob-
serve any femtin-conjugated inhibitor on the ex-
posed lAM of bull spermatozoa after disruption of
the acrosome by a combination of osmotic shock
and mechanical shear forces. Similar results were
reported by Sakai and Yasuda (1981) using perox-
idase-labeled trypsin inhibitor and silver protein-
ase for the localization of acrosin in guinea pig
spermatozoa. These studies suffer from the tech-
nical deficiencies noted by Morton (1977b) which
are inherent with labeled trypsin inhibitors. In ad-
dition, labeled trypsin inhibitors are unlikely to bind
proacrosin, and thereby fail to detect the major
source of potential acrosin activity. Of these two
reports, the conclusions of Green and Hockaday
(1978) are most comparable with the results of this
study.
Several reports employing biochemical tech-
niques for subcellular fractionation or selective ex-
traction of spermatozoa have provided evidence
that removal of the superficial acrosomal compo-
nents does not result in significant losses of acrosin
activity from the spermatozoa (Schill and Wolf, 1974;
Brown and Hartree, 1974; Zahler and Doak, 1975).
Such reports imply that acrosin is present on the
1AM. However, it must be noted that these earlier
reports did not take into account the contribution
of proacrosin activation. More recent studies have
separately determined the proacrosin, acrosin, and
acrosin inhibitor levels in the same sample. Good-
pasture et al (1981) demonstrated that approxi-
mately 50% of the total acrosin activity is readily
lost from acrosome-reacted guinea pig spermato-
zoa, suggesting that it was associated with super-
ficial acrosomal structures. The remaining acrosin
activity was associated with reacted spermatozoa,
suggesting that this portion was more tightly bound.
Similar results were obtained using biochemical
procedures on human spermatozoa (Bhattacha-
ryya and Zaneveld, 1978), supporting the hypoth-
esis that acrosin is present on both the OAM and
1AM. The observation described in this report of
labeled antiacrosin antibodies associated with both
the OAM and lAM is entirely consistent with the
results of these more recent biochemical studies.
Furthermore, during the process of spermatid dif-
ferentiation, the acrosome is formed from a spher-
ical granule that flattens and spreads over the sper-
matid nucleus (Bane and Nicander, 1966). Such
evidence does not suggest an exclusive develop-
mental association of acrosomal contents with either
the OAM or lAM.
The major interest in identifying the precise sub-
cellular location of acrosin in the spermatozoa is
acrosin’s proposed physiologic function as a zona
lysin essential for fertilization (McRorie and Wil-
liams, 1974). One essential property of a putative
zona lysin is that it be situated on the JAM of ac-
rosome reacted spermatozoa during penetration of
the zona (for detailed discussion, see Morton,
1977b). The observation in this study that labeled
antiacrosin antibodies are associated with the JAM
of partially disrupted porcine spermatozoa is
consistent with the proposed function of acrosin
as a zona lysin. It is interesting to note, however,
that other physiologic functions for acrosin have
been proposed. These functions include liberation
of kinins (Palm et al, 1976) and participation in the
acrosome reaction (Meizel and Lui, 1976; Lui and
Meizel, 1979). If acrosin influences the molecular
events preceding zona penetration, it is possible
that the acrosin located in the more superficial as-
pects of the acrosome is involved. Thus, our ob-
servation of acrosin on the OAM and AM is com-
patible with the various physiologic functions
proposed by others.
In summary, these investigations still have not
completely resolved the questions regarding the
exact subcellular location of acrosin. The conclu-
sion that acrosin may be associated with both lAM
and OAM as well as the AM can be advanced only
tentatively due to the many complications in-
volved in interpreting the results. These observa-
tions, however, do merit careful consideration,
particularly in light of the recent biochemical stud-
ies on the distribution of acrosin. It is anticipated
that future experiments incorporating refinements
in technique will provide unambiguous, immu-
nocytochemical localization of acrosin and proac-
rosin in spermatozoa.
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Note Added in Proof
A recent study (Harrison, Journal of Reproduc-
tive Immunology 1982; 4:231-249) demonstrated that
rabbit antibodies elicited against ram m-acrosin,
the principal form obtained by affinity chromatog-
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raphy on Sepharose-linked-P-(P’-aminophen-
oxy)benzamidine, cross-reacted strongly with na-
tive proacrosin of the ram. It was concluded that
antibodies to m-acrosin could be used for location
of both proacrosin and acrosin in ram spermato-
zoa. Our results with rabbit antiporcine acrosin
support similar conclusions.
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